This study aimed to examine the genotype distribution of Candida albicans and the major genotypes involved in superficial candidiasis. The genotypes of C. albicans isolated from the infection sites of patients with superficial candidiasis（referred to as infection isolates）were analyzed by fragment analysis using 4 microsatellite markers（HIS3, CDC3, CAI and CAIII） . Genotypes of the infection isolates were compared with those of C. albicans isolated from oral mucosa of non-candidiasis patients （referred to as oral isolates） . Isolates of C. albicans showed 4 major genotypes for HIS3/CAI（ The genotypeawas found in the isolates from patients with genitalia candidiasis. Genotyping of multiple isolates from an individual patient showed that C. albicans from infection sites was genetically homogenous as compared with that of oral isolates, even in the same patient with candidiasis.
Introduction
Candidiasis is a common fungal infection in both non-immunocompromised and immunocompromised individuals and Candida albicans is the etiologic species that is most frequently isolated from patients with candidiasis 1） . Several genotyping systems for C. albicans have been developed and used to study both the epidemiological distribution of C. albicans and the relationship between genotypes and pathogenicity 2−8）
. Genotyping techniques with high discriminatory potential make it possible to identify the transmission pathway of candidiasis and nosocomial infections caused by C. albicans 9−11） . Due to its simplicity and high discriminatory power, fragment analysis targeting multi-microsatellite loci has frequently been used for the genotyping of C. albicans
12−15）
. We have used fragment analysis of microsatellites combined with 25S rDNA and repeating sequence（RPS） -based methods for the genotyping of Candida 16） . Most of the genotyping studies have used C. albicans isolated from patients with candidiasis, while only a few isolates from non-candidiasis patients have been used 17,18） . C. albicans is a commensal microorganism in oral mucosa, in the gastric tract and in the vagina 1） . Hattori et al. studied amplification profiles of RPS regions of C. albicans isolated from patients with superficial candidiasis by PCR using P-II specific primer set for inner repeat of RPS, and described that RPS-based genotypes of C. albicans were identical in different body locations of the same patient and, in several cases, multiple genotypes were found in a single patient 19） . These results suggest that to understand the transmission pathway and the relationship between genotypes and candidiasis it is necessary to analyze the genotypes of multiple isolates of C. albicans from a single patient in addition to those derived from the commensal sites of patients with and without candidiasis. To study the genotype of C. albicans involved in superficial candidiasis and to investigate the genotype distribution in non-infection and infection sites, multiple isolates of C. albicans were isolated from each of the patients and the distribution of their genotypes between patients with and without superficial candidiasis was analyzed.
Materials and methods

Patients and isolation of Candida
Nine hundred and twenty-four Candida albicans were obtained from the oral mucosa of 77 patients with no clinical symptoms of the infection （56 males, 21 females, 38-92 years old） . In this paper, these samples are referred to as the oral isolates. Patients with clinical symptoms such as inflammation, pustule or maceration, who had positive fungal cells in the KOH examination of clinical samples were defined as superficial candidiasis. One thousand and seventy-two C. albicans isolated from the infection sites of 50 patients（16 males, 34 females, 11-100 years old） with superficial candidiasis are referred to as the infection isolates in this paper. Clinical specimens were collected and used for genotyping with the patient s informed consent. Information about the patients with superficial candidiasis is shown in Table 1 . In 23 patients of these 114 and 137 C. albicans were isolated from non-infection（feces for oral candidiasis）and infection sites in the same patient（Table 1, patients #28 to 50） . These isolates were used to study the genotypes of C. albicans between infection and non-infection sites in the same patient. One hundred and fourteen isolates of C. albicans isolated from non-infection sites such as the oral mucosa or feces of patients with superficial candidiasis are also referred to as oral/fecal isolates in this paper. All of the oral/fecal and infection isolates were collected from three hospitals in the Tokai area. One hundred and seventeen C. albicans obtained from different clinical samples or body locations of 6 patients（3 males and 3 females, 67-78 years old） , were used to compare the genotypes of C. albicans in the same body.
For the isolation of C. albicans from oral mucosa, the patients gargled with 20 ml of sterile distilled water, the water was then collected and centrifuged at 3,000 rpm for 10 min. The resultant pellets were suspended in 400 μl of distilled water and 30 μl of the suspension was spread onto a chromogenic agar plate（CHROMagar TM Candida, BD Co., Tokyo, Japan） . In several cases of isolation of C. albicans from oral mucosa, furry tongue and genital lesions, clinical samples were directly spread onto the plates by a cotton swab. For the isolation of C. albicans from scale, macerated skin and nail of patients with superficial candidiasis, the clinical specimens were cut into small pieces and suspended in 200 μl of distilled water. The samples were gently vortexed with glass beads and the mixtures were spread onto chromogenic agar plates. To isolate C. albicans from urine, the urine was centrifuged at 3,000 rpm for 10 min and the sediment was cultured on these plates. For the isolation of C. albicans from feces, pus and sputum, the clinical samples were directly spread onto the plates. All the plates, prepared as described above, were cultured at 30℃ for 3 to 4 days. At least 5 green colonies for every sample were spread onto these plates and cultured for 2 days at 30℃.
Purification of genomic DNAs
For purification of genomic DNAs from the isolates, all the isolates were grown on a GYEP （2% glucose, 0.3% yeast extract and 1% peptone） agar plate for 3 to 4 days at 30℃. The yeast cells from the cultures were suspended in extraction buffer and DNA was extracted by vortexing with glass beads. After centrifugation, the genomic DNA was purified using a DNA purification kit （FastDNA Ⓡ Kit, Qbiogene Inc., Carlsbad, CA, USA） as previously described 2,23）
. The genomic DNAs were used in the identification and genotyping of C. albicans. All genomic DNA was stored at 4 or -20℃ before use.
Identification of C. albicans
To identify C. albicans, a PCR-based method . In the PCR using a primer mix PsVI, the DNA band of 490 bp was specifically generated from C. albicans but not from the other Candida species 21,22） . All isolates that generated the DNA of 490 bp were identified as C. albicans and were used in this study.
Primers and microsatellite-based genotyping
Fragment analysis of the microsatellites of C. albicans was carried out using 4 primer sets that were designated as CDC3 for CDC3F/CDC3R, HIS3 for HIS3F/HIS3R, CAI for CAIF/CAIR and CAIII for CAIIIF/CAIIIR. In this paper, these primer sets are referred to as the microsatellite markers. The nucleotide sequences of these primers, the PCR protocols using the microsatellite markers and the analysis of the fragment size of the products have been described previously 16） . The allelic relations（alleles 1: 2）identified by the fragment analysis were used to study the C. albicans genotypes. Genotyping using CAI and CAIII indicates the number of repeats in the DNA fragments: DNA fragments of 252 and 113bp correspond to 41（for CAI）and 11（for CAIII） repeated unit, respectively 15） . Therefore, the genotype of C. albicans was identified from the allelic relations（1: 2）in fragment size for CDC3 and HIS3 and from the number of repeated units for CAI and CAIII in the DNA fragments.
Microsatellite analysis using multiple markers （CDC3, HIS3, CAI and CAIII）showed high discriminatory power to analyze genotypes of C. albicans 16） . However, its high discriminatory power did not make clear the relationship between genotypes and pathogenicity, in our preliminary genotyping study（unpublished data） . Therefore, HIS3 and CAI were used to characterize the qenotypes of C. albicans in candidiasis and non-candidiasis patients. On the other hand, in the genotype analysis of C. albicans in the same patient, the four microsatellite markers were used to study genotype homogeneity.
The numbers of isolates with the genotype among C. albicans isolated from patients with and without candidiasis were subjected to Chi-square and Fisher s exact tests.
Results
Genotype distributions of C. albicans in candidiasis and non-candidiasis patients
infection isolates were divided into 50 groups. Three of the major genotypes,a ,bandd , were found in these groups（Fig. 1B） . These found in 6.4%, 9.0% and 15.4% of the isolates respectively identifying them as the major genotypes among the infection isolates. The frequencies of genotypesaandbwere similar in the oral and infection isolates. In contrast, the frequency of genotypedwas markedly higher in the infection isolates than in the oral ones. Genotype cwas not found in any of the infection isolates analyzed（Fig. 1B） .
No relationship between genotypes and underlying diseases was found in this study. On the other hand, genotypesbanddwere found in 7 and 12 patients, respectively; no relationship between these and infection sites was found （p ＞ 0.1） （Table 2） . In contrast, genotypeawas found in 5 patients and 4 of them were patients with genitalia candidiasis（Table 2） .
Distribution of the C. albicans genotypes in non-infection and infection sites
To examine whether the genotype of C. albicans inhabiting non-infection and infection sites of the patient is homogenous or heterogeneous, multiple isolates of C. albicans were isolated from a single patient and their genotypes were analyzed using the four microsatellite markers. Of 77 non-candidiasis patients, 37（48%）presented with a single C. albicans genotype in their oral mucosa and 21（27%）with 2 C. albicans genotypes. Multiple C. albicans genotypes were found in the remaining patients. It was noted that 9 C. albicans genotypes were found in 16 isolates from the oral mucosa of one patient（female, 81years-old wearing dentures） （Fig. 2, solid col-umn） . In contrast, 44（88%）of the 50 candidiasis patients presented with a single genotype in their infection sites. The remaining patients had multiple genotypes（4【8%】with 2 C. albicans genotypes and 2【4%】with 3 genotypes） （Fig. 2, shaded column） . Similar results were found in the genotype analysis which compared the distribution of genotypes in non-infection and infection sites of the same patient. For this analysis, 23 patients with superficial candidiasis were studied. Approximately 80% of them had a single C. albicans genotype in their infection sites（Fig. 3, shaded column） , while only about 40% had a single genotype in their non-infection site（Fig. 3, solid column） .
C. albicans genotypes in non-infection and infection sites of the same patient
To investigate whether the superficial candidiasis was endogenously or exogenously caused, multiple isolates of C. albicans were isolated from the infection and non-infection sites of the same patients, and their genotypes were analyzed using the four microsatellite markers. More than 6 isolates that were obtained from the infection and non-infection sites were analyzed. Of the 23 patients referred to above, 15 presented with a single C. albicans genotype in both the non-infection and infection sites even when samples were taken from different locations in the body（Table 3, Pts# 28, 32, 33, 34, 38 to 42, and 45 to 50） . The remaining 8 patients presented with multiple C. albicans genotypes（2 to 4 genotypes）in their non-infection and/or infection sites. In each of the 
Discussion
The microsatellite analysis of oral isolates using HIS3 and CAI revealed 4 major genotypes（ a , b ,candd ） . Three of these,a ,band d , were also found to be the major genotypes in the infection isolates. We found that frequency of the genotypedwas higher in the infection isolates than in the oral ones, however, a significant difference was not found. This suggests that although genotypedis not a unique C. albicans genotype for superficial candidiasis, C. albicans with this genotype has a high ability to cause superficial candidiasis. In contrast, C. albicans with the genotypeawas significantly isolated from genital lesions of patients with superficial candidiasis（p ＜ 0.05） . This suggests that C.
albicans with genotypeais associated with the ability to cause genital candidiasis. She et al.
23）
analyzed the genotypes of C. albicans from patients with cutaneous and vaginal candidiasis by 25S rDNA and ALT repeat-based typing methods and reported that C. albicans was genetically different in the two patient groups. However, no clear relationship between genotypes and infection sites or the underlying condition of vaginal candidiasis was found 23） . On the other hand, genotypecwas found in C. albicans isolates obtained from oral mucosa of the patients with non-candidiasis, but was not found in any of the infection isolates. This suggests that C. albicans with the genotypecis a unique species in oral isolates and is less likely to cause superficial candidiasis. Dalle et al. 24） used microsatellite analysis with the CEF3 marker for the genotyping of C. albicans and concluded that these from bloodstream and non-bloodstream sources were genetically heterogeneous. These results may be inconclusive because different types of candidiasis were studied and different techniques for the genotyping of C. albicans were used. Unfortunately, we did not analyze the genotypes of C. albicans isolated from bloodstream using HIS3/CAI. Our results show that isolates with the genotypesa ,bandd can be used to study the infection mechanism not only of superficial candidiasis, but also of systemic candidiasis. Multiple isolates were isolated from the commensal sites of 77 non-candidiasis（solid column）patients and from the infection sites of 50 patients with superficial candidiasis（shaded column） . The isolates were genotyped using four microsatellite markers HIS3, CDC3, CAI and CAIII. Fig. 3 . The number of C. albicans genotypes from the commensal and infection sites of the same patient.
Multiple isolates of C. albicans were isolated from the commensal（solid column）and infection（shaded column）sites of the same patient with superficial candidiasis and their genotypes were analyzed using four microsatellite markers HIS3, CDC3, CAI and CAIII. Twenty-three patients were used in this study.
Except when sexually transmitted, it is generally accepted that candidiasis is endogenously caused by C. albicans inhabiting the oral mucosa, the gastric tract or the vagina 1） . However, nosocomial infections of C. albicans have recently become a concern 25） . If the genotype of C.
albicans is homogenous in the same patient even in different body locations, it may be enough to analyze the genotype of the isolates from non-infection and infection sites. She et al. 23） reported that the genotype of C. albicans was identical in the same patient with cutaneous candidiasis even ｂ Abbreviations used for non-infection sites are OM for oral mucosa and FC for feces.
ｃ Abbreviations used for infection lesions are OM for oral mucosa, GR for groin, HP for hip, IH for interdigital of hand and OTH for others.
ｄ Number of isolates that showed identical allelic association to 4 microsatellite markers.
ｅ Number of genotypes of isolates derived from non-infeciton and infection sites.
ｆ Number of oral/fecal and infection isolates analyzed in each patient. The numbers in parenthesis are total numbers. ｇ Total number of oral/fecal and infection isolates in each patient. The number in parenthesis indicate the total number of isolates analyzed in this study. ported similar results and also found several instances of two or more genotypes in a single patient. In this study, multiple isolates of C. albicans were isolated from individual patients and their genotypes were analyzed. Our results indicate that the frequency of multiple genotypes of C. albicans in a single patient was higher in the oral isolates than in the infection ones, and that these genotypes from different clinical samples were identical in the same patient. Thus, C. albicans from non-infection sites shows more heterogeneous genotypes than those from infection sites and, in a few cases, the genotypes found in oral/fecal isolates were not found in infection isolates from the same patient. These results support the suggestion that genotyping of multiple isolates of C. albicans from individual patients can be used to assess the transmission pathway of C. albicans in the sexual or nosocomial transmission of this fungus. The frequency of occurrence of a single genotype was higher in infection isolates than in oral/fecal isolates. Dalle et al.
26） studied genotypes of C. albicans collected serially from patients with de novo acute leukemia, and described that the C. albicans genotype was unique to each of the patients and that C. albicans showed identical genotypic profile in all body locations of the same patient during the isolation period. They concluded that the C. albicans genotypes are rarely altered by antifungal agent pressure, and nosocominal transmission is rare. When C. albicans was collected from multiple clinical specimens of the same patient, the genotype was identical in the same body（Table 4）and was unique to each patient. Assuming an endogenous infection, this could be the result of differences in virulence or in the genotype ratio of the C. albicans inhabiting the commensal sites such as oral mucosa. It is important to note that the effect of a selection force is, as yet, unknown. Patients in this study were in various underlying diseases, and most of them were commonly bedridden and using a diaper. In order to study the relationship between immunosuppressive conditions and genotype diversity of C. albicans, genotype studies from healthy individuals and of a serial collection from the patient may help to understand the relationship between genotype and candidiasis. 
